Academic debate relating to the link between corporate environmental disclosures, environmental performance and financial performance is persistent and controversial. In this paper, we investigate whether and if so, how, carbon emission performance is related to corporate financial performance and how disclosures of carbon emission in the annual and standalone reports mediate such relationship. Specifically, we construct a 42-item disclosure index to quantify the quality of corporate carbon emission information of 62 FTSE 100 companies from the period of 2010 to 2012. We find that while carbon emission is negatively associated with financial performance, it is positively related to the level of carbon disclosures which is significantly and positively related to financial performance. The findings show that market responses to excessive carbon emission; however, companies with poor carbon performance tend to use disclosure strategically to manage the legitimacy threat and to reduce the information asymmetry.
Introduction
A substantial body of literature examines the question 'Does it pay to be green?' using either environmental performance or environmental disclosure as proxy for corporate engagement with corporate social responsibility (CSR). The studies are designed to investigate the association between CSR disclosure and financial performance (Al-Tuwaijri, Christensen, & Hughes Ii, 2004; Freedman & Jaggi, 1982; Konar & Cohen, 2001; Li, Richardson, & Thornton, 1997; Qiu, Shaukat, & Tharyan, 2016; Saka & Oshika, 2014; Ullmann, 1985) and between CSR performance and financial performance (Dowell, Hart, & Yeung, 2000; Dye, 1985; Flammer, 2015; King & Lenox, 2001; Li et al., 1997; Liao, Luo, & Tang, 2014; Saka & Oshika, 2014) , while the results are greatly controversial. Furthermore, the association between CSR performance and CSR disclosure is yet clear (Al-Tuwaijri et al., 2004; Cho & Patten, 2007; Clarkson, Li, Richardson, & Vasvari, 2008; Li et al., 1997; Patten, 2002; Saka & Oshika, 2014; Ullmann, 1985; Wiseman, 1982) . Nevertheless, these studies collectively emphasise the importance of understanding the impact of corporate CSR engagement on corporate financial performance and the mechanisms behind the association.
There are two main streams of explanations for the controversial outcomes of the above association. From an economic perspective, engaging in CSR is a cost burden to companies and provides few financial benefits, as companies incurring costs for environmentally responsible engagement put themselves at an economic disadvantage compared to other companies without such expenditures. This view has been challenged as more countries mandate regulations for corporate CSR behaviours and also as the legitimate interests of the stakeholder is emerging, which has created renewed scepticism about the objectives of business. On one hand, engaging in CSR protects companies from potential legal fines and regulatory costs. On the other hand, the socio-political view suggests that companies can gain benefit from satisfying diverse groups of stakeholders and can gain competitive advantage by engaging in CSR activities (Dye, 1985; Hart & Ahuja, 1996) . In addition, it is recognised that CSR engagement is a multidimensional construct that encompasses a variety of corporate actions in relation to its resources, processes and outputs (Brammer & Millington, 2008; Carroll, 1979; Waddock & Graves, 1997) . Fundamentally different parts of CSR engagement would be differently motivated and would accordingly have different implications for corporate financial performance. This study therefore addresses this issue by emphasizing one particular element of CSR -carbon emission issues.
It is also argued in the current study that environmental disclosure or environmental performance alone does not provide the full picture of corporate environmental engagement; the association between environmental performance and corporate financial performance could be mediated by environmental disclosure in annual reports and CSR reports, which are used by the market to assess corporate environmental performance. Al-Tuwaijri et al. (2004) claim that the prior empirical research of the relations between environmental performance, environmental disclosure and corporate financial performance mainly focus on the strength of paired-wise association between two of these three variables. In the current study, environmental disclosure and environmental performance are separated into two variables as they measure different things. This study extends Al-Tuwaijri et al. (2004) holistic approach to investigate the interrelationship among corporate carbon emission, carbon disclosures and corporate financial performance simultaneously.
To achieve the aim of this research and answer the research questions, the study employs annual reports and stand-alone CSR reports of 62 environmentally sensitive FTSE 100 companies in the United Kingdom (UK). Mediation path analysis is used to explain how carbon emission performance and financial performance are related. Based on our longitudinal data, we employ a two-level mediation model to test the direct effect of carbon emission performance on corporate financial performance, and the indirect effect of carbon emission, mediated by annual carbon emission disclosure, if any.
The structural equation modelling analysis shows that in the UK context, corporate carbon emissions impact on corporate financial performance through both direct and indirect mechanisms. For the direct impact, it is found that corporate carbon emission is negatively associated with corporate financial performance, which indicates that the market does respond to corporate carbon emission performance. For the indirect impact, the results show that corporate carbon emission is positively related to the level of corporate carbon disclosures (companies with more carbon emissions make more extensive disclosures), and also show that a significant positive relation exists between corporate carbon disclosure and corporate financial performance (more carbon disclosures lead to higher subsequent share return for the company). Thus, the higher levels of corporate carbon disclosures appear to mediate the potential negative effects of the company's high carbon emissions. The direct and indirect mechanisms are in line with the prediction of socio-political and economic disclosure theories, which suggest that the market does respond to corporate environmental performance (Clarkson, Li, Richardson, & Vasvari, 2011; Matsumura, Prakash, & Vera-Muñoz, 2013; Saka & Oshika, 2014) , and companies with poor environmental performance tend to disclose more information to manage the legitimacy threat that is subsequently created by the poor performance (Chauvey, Giordano-Spring, Cho, & Patten, 2014; Cho & Patten, 2007; Patten, 2002) and to reduce the information asymmetry (Al-Tuwaijri et al., 2004; Healy & Palepu, 2001;  G. F. Peters & Romi, 2014) .
This study contributes to the understanding of how social concerns for climate change affect corporate financial performance and provides in-depth understanding of the mechanisms of the association. To our best knowledge, this is the first study investigating the simultaneous association among corporate carbon emission, carbon disclosures and corporate financial performance. The use of the two-level mediation model allows us to evaluate direct, indirect and total effects between our interests' variables. The mediating impact of carbon disclosure on the negative association between carbon emission and corporate financial performance sheds light on the motivation of corporate voluntary carbon disclosures. This study also contributes to corporate carbon accounting and reporting literature by providing an overview of expected disclosures from government, lobby groups and other climate change related institutions through building up a comprehensive carbon disclosure index. The findings also have important implications for corporate top management and government who are interested in improving corporate carbon emission reduction and reporting strategy. Extending previous literature, this study contributes by providing new conceptual and methodological advancements.
The paper is organised as follows. Section 2 reviews the relevant literature and presents the main hypotheses. In Section 3, the research methods are discussed. Section 4 presents the results and discussion, followed by the summary and conclusions in Section 5.
2 Literature review and hypothesis development 2.1 Carbon emission and corporate financial performance
In terms of carbon emission management, there is a direct financial impact from both the regulatory perspective and investment perspective in the UK. From the regulatory perspective, if companies cannot fulfil their responsibilities to reduce their emissions to the targets under mandatory carbon management schemes, they should either pay for the fines or buy emission allowance from the carbon trading market, both of which cause financial burden for the company. To achieve the carbon emission targets and avoid the fines, companies could invest in their carbon reduction management system by using low emission energy, equipment, and/or by developing low carbon technology. When their carbon emission is below their emission target, companies could have some surplus of their carbon emission allowances and they could 5 sell their surplus in the carbon trading market for financial benefits.
1 Better performance in carbon management will therefore lessen the financial burden and even bring profit for the company that does well. In addition to the tangible financial impact, better carbon emission performance may, according to stakeholder theory prediction (Freeman, 2010) , have other intangible impacts on the company, such as good reputation and better relationships with government, suppliers and customers (Brammer & Pavelin, 2005; Brown & Dacin, 1997; Sen & Bhattacharya, 2001) . Given all of the above, this study attempts to test if in fact a company with better carbon emission performance will benefit from improved financial performance.
There is limited empirical evidence of the link between carbon emission and financial performance. The studies of environmental performance and corporate financial performance should shed light on the association between carbon emission and corporate financial performance. Clarkson et al. (2011) seek insights into the question 'Does it pay to be green?'
They employ a sample of 242 companies from the four most polluting industries in the US, Studies with a focus on corporate carbon emission performance find similar results. Using carbon emission data of a sample of S&P 500 companies, Matsumura et al. (2013) find significantly negative association between carbon emission and firm value. The authors handcollect carbon emissions data of S&P firms from carbon disclosure project (CDP) questionnaires and use market value of common equity as the measure of firm value. They find that on average, for every additional thousand metric tons of carbon emissions, firm value decreases by $212,000. Saka and Oshika (2014) examine the association between corporate carbon emission and firm value in the Japanese context. Instead of using the voluntarily reported volume of carbon emissions, they use mandatorily reported carbon emissions data, which is claimed to solve the endogeneity problems in previous studies. Consistent with previous studies, they use market value of equity to measure corporate value. They evidence that carbon emissions and firm value are negatively related. Clarkson, Li, Pinnuck, and Richardson (2015) There is very limited literature on the environmental performance-disclosure link focusing on corporate carbon emission issues. Hassan and Kouhy (2014) examine the environmental disclosure-performance link of the Nigerian oil and gas industry. They content analyse corporate annual reports, press releases and fact sheets to measure the substance of disclosure and also the volume of disclosure. The data envelopment analysis model, which is based on the mathematical technique of linear programming, is used for measuring carbon emission performance. The results document a significant negative association between the substance of disclosure and performance.
In line with the previous studies, this study concentrates on the legitimising function of voluntary disclosures. Legitimacy theory recognises the fact that companies are bound by a social contract in which they agree to perform within the norms of their respective societies, and posits that organizations employ environmental disclosures as a legitimacy tool to meet the expectations of the society and thus to gain or maintain their legitimacy (Deegan, 2002; Deegan, Rankin, & Tobin, 2002; Dowling & Pfeffer, 1975; Lindblom, 1994; Patten, 1992 et al. (2013) compare the firm value for the companies that choose to disclose their carbon emission to CDP with a propensity score matched sample of companies that choose to not disclose this information. They find that the median firm value of companies that disclose their carbon emission information is about $2.3 billion higher than that of their non-disclosing counterparts.
Revealing information about a company's environmental technologies, environmental practices and performance satisfies the needs of a company's stakeholders, including regulators, employees and customers. In general, disclosures provide benefits through reduced information asymmetry between the company and outsiders, consequently facilitating efficient allocation of scarce resources (Healy & Palepu, 2001 ) and leading to the company's adaptation to external demands (Orlitzky, Schmidt, & Rynes, 2003) . A company that makes more extensive and objective voluntary carbon emission disclosures is therefore more likely to benefit from higher share prices. The market is likely to treat non-disclosure behaviour as an adverse signal and to penalise non-disclosing companies. Based on this discussion, the hypothesis is stated as follows:
Hypothesis 3. There is a positive association between corporate carbon disclosures and corporate financial performance.
Together with the discussion in the above three sub-sections (2.1, 2.2 and 2.3), if all the three correlations are confirmed -that more carbon emissions have a negative impact on corporate financial performance and a positive impact on carbon disclosures, and that carbon disclosures positively impact on corporate financial performance -it is reasonable to confirm that companies choose to disclose their carbon emissions, likely knowing that capital markets penalise them for their carbon emissions. In this relationship, carbon disclosures should be considered as a mediator variable. Matsumura et al. (2013) find that the market penalises all companies for their carbon emissions, but a further penalty is imposed on companies that do not disclose their emission information. 9 3 Methods
Sample selection
To achieve the aim of this research and answer the research questions, the study employs annual reports and stand-alone CSR reports of 62 carbon sensitive FTSE 100 companies in the UK. The majority of the existing literature on environmental disclosure focused on disclosure by environmentally intensive industries (Berthelot & Robert, 2012; Dragomir, 2012 Holding Accounts in the database is employed in the current research. In the case of carbon emissions, carbon sensitive industries are more concerned with carbon emission and carbon information and are consequently expected to be more willing to release carbon disclosure data to the public, to demonstrate the legitimacy of their operations (Dowling & Pfeffer, 1975) . There are a number of reasons for using UK data. Firstly, UK ETS was introduced in 2002, thus the UK has a relatively well developed system on carbon emission. The UK is also the country that ratified the Kyoto Protocol in the very early stages; companies from countries ratifying the Protocol are more forthcoming to make greenhouse gas (GHG) disclosures (Freedman & Jaggi, 2005) . Climate change issues are more salient in the UK. The selection of FTSE 100 is justified from both the theoretical and empirical perspectives. Legitimacy theory suggests that large companies are facing more legitimacy concerns and are more exposed to social scrutiny (Dowling & Pfeffer, 1975) , and a number of prior studies document that the extent of corporate CSR disclosures are positively associated with company size (Chauvey et al., 2014; Elsayed, 2006; Patten, 1992 Patten, , 2002 Qiu et al., 2016) . The FTSE companies are also argued to have heterogeneous stakeholders with different vested interests (Liao et al., 2014; Qiu et al., 2016; Salama, 2005) .
Deegan (2002) indicates that financial report disclosures are used by the management of companies as a legitimizing tool and the annual report is the most important media for companies to communication to their stakeholders and the public (Adams, Hill, & Roberts, 1998) . Information disclosed in annual reports are widely used in previous research (Cho & Patten, 2007; Mahadeo, Oogarah-Hanuman, & Soobaroyen, 2011; Patten, 1992 Patten, , 2002 Roberts, 1992; Wiseman, 1982) . In addition to annual reports, we also use CSR reports and/or standalone reports to examine the quality of corporate carbon disclosures, based on the following reasons.
Firstly, carbon issues are more technical than other social and environmental issues; companies prefer to provide more detailed carbon information in their standalone reports rather than annual reports. Secondly, while the social and environmental information in annual reports is not usually audited, the fact that more and more standalone reports are would enhance the credibility and quality of the information disclosed.
Variable measurements

Carbon disclosure
To measure corporate carbon disclosure, existing literature mainly uses the CDP data either as the proxy for the existence of carbon disclosure of companies and/or as proxy for the quality of carbon disclosure (Ben-Amar & McIlkenny, 2014; Freedman & Jaggi, 2005; Kolk, Levy, & Pinkse, 2008; Liao et al., 2014; Luo, Lan, & Tang, 2012; Saka & Oshika, 2014; Stanny, 2013) . CDP changed their questionnaire over time and company responses are also in constant flux (Kolk et al., 2008; Liao et al., 2014) . 2 Using CDP data is therefore not suitable for this longitudinal analysis and comparison. Another data source of existing carbon disclosure literature is content analysis of annual reports and/or CSR reports, which is more discretionary than corporate response to CDP's questionnaire (Dwyer et al., 2009; Eleftheriadis & Anagnostopoulou, 2014; Freedman & Jaggi, 2005; Ieng Chu, Chatterjee, & Brown, 2012; JM Ferreira, Anastasia Mariussen, Kuo, & Yi-Ju Chen, 2013; Lee, Park, & Klassen, 2015; Peng, Sun, & Luo, 2014) . This discretionary nature of content analysis is of particular importance, since Liesen et al. (2015) document quantitative corporate carbon disclosures to suffer from incompleteness, as less than a quarter of European firms in their sample report greenhouse gas emissions of scope 1 and 2 for more than 90% of their operations. For the purpose of this study, qualitative content analysis is hence more appropriate to assess the quality of corporate carbon disclosure rather than the quantity of disclosure (Chelli, Durocher, & Richard, 2014; Cormier, Magnan, & Van Velthoven, 2005; Wiseman, 1982) .
This paper extends prior study by using a 42-item disclosure index, as provided in the Appendix.
Besides the extant environmental disclosure and carbon emission studies, the index design closely follows certain carbon accounting and reporting guidelines, which include GRI (2013), WBCSD and WRI (2004) , DEFRA (2013), CDP (2012), carbon accounting and reporting literature (Andrew & Cortese, 2011; Bebbington & Larrinaga-Gonzalez, 2008; Burritt, Schaltegger, & Zvezdov, 2011; Cook, 2009; Haque & Deegan, 2010; Hopwood, 2009; Kolk et al., 2008; Lohmann, 2009) , and also makes reference to research associations of corporate carbon emission accounting and reporting issues. It is believed that those documents present the mainstream requirements or expectations of corporate carbon disclosures from society and stakeholders and represents the best practice of carbon emission disclosures. A score of "1" is awarded for each item in the index when the information is disclosed in either annual or standalone reports; otherwise a score of "0" is given. The total score thus ranges from 0 to 42.
Financial performance
There are two categories of financial performance: accounting based performance and market based performance. Accounting performance indicators mainly include return on equity, return on asset, which are based on the information from corporate financial statements. The argument for the positive association between CSR and accounting performance is mainly based on stakeholder theory (Preston and O'Bannon, 1997 , Salama, 2005 , Hatch and Cunliffe, 2012 The argument for the negative association between CSR and accounting performance is based on agency theory (Barnea & Rubin, 2010; M. Friedman, 1970) However, the impact of CSR is not only on the accounting performance; CSR is recognised as a kind of corporate investment that creates opportunities to enhance organizational financial performance in the future (Jones, 1995) , so socially, environmentally responsible companies are likely to be viewed more favourably by investors (Friedman & Miles, 2001; Hoepner, Oikonomou, Scholtens, & Schröder, 2016; Majoch, Hoepner, & Hebb, 2016) . Consistent with the prediction of the resource based view (stakeholder theory) one can argue that companies with more engagement in CSR are likely to benefit from higher share prices. In recent studies, market based financial performance is widely used in CSR studies ( (Balabanis, Phillips, & Lyall, 1998; Cho & Roberts, 2010; Clarkson, Li, Pinnuck, & Richardson, 2014; Ingram, 1978; Jacobs, Singhal, & Subramanian, 2010; Lee et al., 2015; Matsumura et al., 2013; Murray, Sinclair, Power, & Gray, 2006; Patten & Nance, 1999; Qiu et al., 2016; Saka & Oshika, 2014; Salama, 2005; Shane & Spicer, 1983) . In this study, market based financial performance is employed to fully reflect the impact of corporate carbon reduction engagement through carbon emission performance and also carbon emission disclosure. Monthly total return index from 2011 to 2013 is first collected from Thomson Reuters Datastream and annual returns are calculated for full firm year observation. Sector average return is then subtracted to obtain the sector adjusted return (Kang & Shivdasani, 1995) .
Carbon emission
While we are aware of the weaknesses of quantitative carbon emissions data (Liesen, Hoepner, Patten, & Figge, 2015; Yu, Hoepner, & Adamsson, 2016) , these quantitative data points albeit insufficient are still used frequently in the literature (Clarkson et al., 2015; Saka & Oshika, 2014) .
Yearly total carbon emission from 2010 to 2012 is downloaded from environmental, social and governance (ESG) data powered by Thomson Reuters ASSET4 on Datastream, is also used by extant literature (Ioannou & Serafeim, 2012; Ziegler, Busch, & Hoffmann, 2011 
Empirical model and tests
Two-level meditational modelling is designed to test mediated effects in clustered datasets and it is appropriate to accommodate independent and mediator variables measured in the longitudinal data. indicates carbon emission performance for firm j in year 1.
, indicates carbon disclosure and is the mediator observed for firm j in year 1 and , indicates firm sector-adjusted annual return and is the dependent variable observed for firm j in year t.
, are control variables observed in year 1 for firm .
A two-level model is considered in which the subscript, t, refers to within firm level (level 1), and the subscript, j, refers to across firm level (level 2). The variables with j and t subscript shows that they can take on a unique value for each year observation t within firm j. According to stakeholder theory, it is hypothesized that previous year ( 1 
2) Level 1:
Where , is the independent variables observed for firm j in year 1, , indicates carbon disclosure and is the mediator observed at for firm j in year 1
and , indicates firm financial performance and is the dependent/outcome variable observed at year t for firm . The intercept term ( ) has been indexed by the subscript j, which suggest that it is treated as a random intercept and varies across firm level units. It equals an overall mean of the intercept ( and a deviation from the mean for each across firm level unity ( . It is this second level error term ( that allows the two -level model to address within firm homogeneity of errors in the longitudinal data.
The slops in level 1 of all three regressions , , are path coefficients. The direct effect carbon emission on firm financial performance controlling the mediator (carbon disclosure) is designated, , the effect of carbon disclosure on the dependent variable is designated, , and the effect of carbon emission on carbon disclosure is designated, . The product is a second point estimate of the mediated effect, which evaluates the extent to which carbon emission affects carbon disclosure and the extent to which the carbon disclosure, in turn, affects firm financial performance. The path coefficient is measured by the standardized regression coefficient. It represents the change in the dependent variable for a 1 standard deviation change in the independent variable. The error term , represents the part of return that is not explained by its relation with carbon emission and carbon disclosure in regression (1). The error term , indicates the part of carbon disclosure that is not explained by its relation with carbon emission in regression (2).
In equation regression (2), the dependent variable is carbon disclosure and it is scored using the criteria descripted previously for the firm-year observation. It is non-negative and discrete and roughly following Poisson distribution. Thus, regression (2) 4 Empirical results 
Descriptive statistics
Analysing the interrelationship
The standardised regression coefficient is reported in the results in Table 2 . It is rescaled regression coefficient to measure the effect size in the mediated effect. The direct effect of carbon emission on firm sector-adjusted return is measured by and estimated to be -0.004. This negative effect is small but statistically significant. It indicates that one standard deviation increase of carbon emission decreases firm sector-adjusted return by 0.004 standard deviation.
The path coefficient indicates the effect of carbon emission on carbon disclosure and is estimated to be 0.18. It is a moderate effect and highly statistically significant. This result suggests that one standard deviation increase in carbon emission increases carbon disclosure by 0.18 standard deviation. The effect of carbon disclosure on sector-adjusted return is measured by . This effect is very small (0.0004) and marginally statistically significant. It indicates that carbon disclosure in year 1 positively associated with sector-adjusted return in year , however, the influence is very small. The result of and together suggest that carbon emission performance affects carbon disclosure in firm annual report and which in turn, affects the firm return. Thus we could argue that carbon disclosure in the previous year annual report is a mediator of the effect of carbon emission on the firm's financial performance. The indirect effect of carbon emission on firm return is the effect of carbon emission on carbon disclosure multiplied by the effect of carbon disclosure on return ( , and it is almost negligible. The total effect of carbon emission on sector-adjusted return equals the direct effect ( plus the indirect effect * , and the result is -0.0037. It is argued that carbon emission in previous years is negatively associated with firm sector-adjusted return, however this effect is small. Notes: *, **, and *** denote statistical significant at 10%, 5% and 1% levels respectively.
Looking at the factors that affect carbon disclosure, it is reported that, as expected, previous year carbon disclosure is a significant predicator of the current year carbon disclosure. It is also found that capital expenditure is negatively related to carbon disclosure. Other firm characteristics, such as size, profit margin, current ratio, return on equity and leverage do not seem to exert influence on carbon disclosure in annual reports. One explanation is that those firm characteristics are likely being captured by carbon disclosure in the annual report in the same year.
The variance of M1 and M2 indicates the extent to which the strength of the across-firm difference explains the dependent variables in regression (1) and regression (2). The estimated variance of M1 in regression equation (1) is almost negligible. The variance of M2 in regression (2) is estimated to be 0.018 -a small size. This indicates that across-firm difference is more influential in explaining carbon disclosure in annual report than in explaining sector-adjusted return.
Discussion
The results are in support of H1, H2 and H3 and are also consistent with prior studies (Cho & Patten, 2007; Clarkson et al., 2011; Hassan & Kouhy, 2014; E.-H. Kim & T. Lyon, 2011; Matsumura et al., 2013; Patten, 2002; Saka & Oshika, 2014) . Overall, the simultaneous association among the three variables indicates a mechanism of the underling relationship between corporate carbon emission and financial performance -carbon emission has a direct negative effect on corporate financial performance and an indirect or mediated effect through carbon disclosures.
The results confirm the mediating effect of carbon disclosures.
The direct effect of carbon emission on corporate subsequent share return implies that the capital market does respond to corporate carbon emission. The results are consistent with prior studies suggesting that market analysts increasingly gather corporate environmental information as an indicator of corporate future capital market returns (Kiernan, 1998 (Jaggi & Freedman, 1992) . In the more recent views of corporate environmental performance, the intangible and reputational impact has been recognised to explain the financial benefit of improving corporate environmental performance (Salama, 2005) . With regards to the negative impact of corporate carbon emission on the subsequent financial performance, it provides evidence that lower carbon emission can increase shareholders' wealth and earn profits above the return on its tangible assets. Tackling carbon emissions allows companies to lower the costs of complying with further environmental regulations (e.g., more carbon reduction regulations would be expected following the Paris Climate Summit in 2015 as a result of the first global agreement in carbon reduction), drive down corporate operating costs, improve their corporate reputation, enhance the loyalty of key stakeholders who equate companies with their environmentally friendly side, and enhance corporate financial performance. This result is consistent with prior studies showing that the market does negatively respond to corporate carbon emission Clarkson et al., 2015; Matsumura et al., 2013; Saka & Oshika, 2014) .
The indirect effect of corporate carbon emission on subsequent share return works through the mediating impact of carbon disclosure. There is no known studies examining the links between corporate carbon disclosure in annual or standalone CSR reports, corporate carbon emission and financial performance. Prior studies use corporate response to CDP as proxy for corporate carbon disclosure -0 score for no response and 1 score for response -without consideration of the extent of disclosure (Lee et al., 2015; Matsumura et al., 2013; Saka & Oshika, 2014) . Still, those studies could shed light on the results of the current study and the results found in this study are consistent with those prior studies, indicting the mediating influence of carbon disclosures. On one hand, carbon disclosure is found to be positively associated with subsequent corporate financial performance. In general, disclosures provide benefits through reduced information asymmetry between the company and outsiders, including its investors, customers, lobby institutions, and subsequently facilitates efficient allocation of scarce resources (Healy & Palepu, 2001) . Companies making truthful voluntary carbon disclosures deliver transparent nonfinancial information to investors. If companies do not disclose their carbon emission information, investors will not be able to impute the company's carbon emissions, but will also likely treat non-disclosure as an adverse signal and may penalise non-disclosing companies (Oikonomou, Brooks, & Pavelin, 2012 . Voluntary disclosure is also used by companies to reduce further regulatory intervention (Blacconiere & Patten, 1994) . On the other hand, carbon disclosure is found to be positively associated with concurrent carbon emission. A legitimacy gap is created when a company's carbon emission does not meet the expectation of the stakeholders. If a company suspects its social legitimacy is or might be threatened, it has the incentive to actively participate in policy process and to communicate its legitimacy repairing strategy to the stakeholders (Liesen et al., 2015) .Subsequently, companies with more carbon emissions intend to disclose more extensive carbon emission information in an attempt to address the increased threats to their poor carbon emission performance. The above two aspects together explain why companies choose to make carbon emission disclosures even if the capital markets penalise companies for their carbon emissions. However, the carbon disclosure-financial performance link is inconsistent with some other studies. Lee et al. (2015) © Liu et al, June 2016 21 investigate the association with a sample of companies from the CDP in Korea. Their results suggest that the market is likely to respond negatively to company's carbon disclosure, implying that investors tend to perceive carbon disclosure as bad news. One plausible explanation is that carbon related costs and benefits are more recognised in more developed countries, which have more experience in carbon emission issues and are more pronounced in promoting carbon reduction activities.
Another interest of this study is to investigate factors that could impact on corporate carbon disclosure. Looking at the factors that affect carbon disclosure, it is shown in Table 2 that, as expected, previous year carbon disclosure is a significant predicator of the current year carbon disclosure; this result is highly consistent with the conclusion of the previous chapter, that corporate carbon disclosures become institutionalised and normative within and between companies. It is also found that capital expenditure is negatively related with carbon disclosure.
This result is consistent with previous studies that indicate capital expenditure is found to be highly related with the level of corporate environmental disclosures and is usually controlled in environmental disclosure research (C. Interestingly, other firm characteristics, such as size, profit margin, current ratio, return on equity and leverage, which are found to be determinant factors of corporate social and environmental disclosures in extant studies (Bewley & Li, 2000; Branco & Rodrigues, 2008; Liao et al., 2014) , do not seem to exert influence on carbon disclosure in annual and standalone reports. One plausible explanation is that those firm characteristics are likely being captured by carbon disclosure in the same year.
Summary and conclusion
This study investigates the simultaneous relationship between corporate carbon emission performance, financial performance and corporate carbon disclosures, for an extensive panel data sample of 62 FTSE 100 companies between the years 2010 and 2012. In addition, the study is also interested in the determinant factors of the extent to which companies disclose their carbon emission information. The corporate carbon disclosure data was collected from hand review of reports using a self-constructed disclosure index that represents the best practice and stakeholders' expectations of corporate carbon emission information. The rest of the data was downloaded from Datastream. The structural equation modelling analysis shows that corporate carbon emission impacts on corporate financial performance through both direct and indirect mechanisms. For the direct impact, it is found that corporate carbon emission is negatively associated with corporate financial performance, which indicates that the UK market does respond to corporate carbon emission performance. For the indirect impact, the results show that corporate carbon emission is positively related to the level of corporate carbon disclosures (companies with more carbon emissions make more extensive disclosures), and also show a significant positive relation between corporate carbon disclosure and corporate financial performance (more carbon disclosures lead to higher subsequent share return for the company). Thus, the higher levels of corporate carbon disclosures appear to mediate the potential negative effects of more carbon emissions of the company. The results are consistent with prior studies investigating the three links respectively.
The findings are also consistent with the predictions of socio-political theories and economic disclosure theories. The study provides evidence that the market does value corporate carbon emission issues, including both actual carbon emissions and the carbon emission related information published in annual and standalone reports. Consistent with both socio-political and economic disclosure theories, companies with higher carbon emissions would try to keep their legitimacy to operate in society by increasing their carbon disclosure to address the legitimacy threat. The increased disclosures therefore reduce information asymmetry and investors can gauge how well the companies are managing their carbon emission risks and how well they are equipped to tackle the risks in the future.
This study also evidences that previous year carbon disclosure is a significant predicator of the current year carbon disclosure. Corporate carbon disclosures become institutionalised and normative within and between companies. It is also found that capital expenditure is negatively related with carbon disclosure. Companies with less effort in their investment are more motivated to communicate with their stakeholders through increased level of disclosures. Other firm characteristics, such as size, profit margin, current ratio, return on equity and leverage do not seem to exert influence on carbon disclosure in annual reports. One plausible explanation is that those firm characteristics are likely being captured by the control of last year carbon disclosures.
Like all research, ours is subject to limitations. The first limitation lies in the subjectivity of building a disclosure score rating index to arrive at an aggregate disclosure quality score. It is also the inherent limitation of qualitative content analysis. 
'Around 55% of our GHG emissions came from the refineries and chemical plants in our downstream business. The production of oil and gas in our Upstream business accounted for around 40% of our GHG emissions, and our shipping activities for the remaining 5%.' (SHELL,SA 2011,P28) 21. Whether the organization explains its carbon performance and/ or any significant changes of its carbon performance.
Reasons that caused significant increase or reduction of carbon emissions.
DEFRA (2013), WBCSD and WRI (2004) 'Our absolute emissions rose significantly in 2012, due to better inclusion of more complete data from our Americas business. We will be reviewing this in 2013 and looking at rebase lining our 2008 data following numerous acquisitions.' (AMEC, SA, 2012, P8) 22. Whether the organization has any disclosures of financial implications of carbon emission.
Implications of carbon emission issues on financial statements/financial performance.
CDP (2012), Burritt et al. (2011) 'Approval of the project will allow EVRAZ NTMK to exercise its right to sell Emission Reduction Units (ERUs). The Group expects that total revenues from the sale of ERUs under the EVRAZ NTMK project could be in the region of US$28 million. '(Evraz, AR,2010, P57) 23. Whether the carbon emission data disclosed by the organization is independently verified by a third party.
Whether the data disclosed is verified independently. Haque and Deegan (2010) 
'When allowances are issued for less than fair value, the difference between the amount paid and fair value is recognised as a government grant. Initially the grant is recognised as deferred income in the statement of financial position and subsequently recognised as income on a systematic basis over the compliance period for which the allowances were issued, regardless of whether the allowances are held or sold.' (EVRAZ, AR, 2010,P131) 27. Whether the organization has a policy of compliance with any guidance to report its carbon emissions e.g., GRI, DEFRA Guidance, Climate Change Reporting Framework (CCRF).
Compliance with reporting standards implies high quality of disclosures. Haque and Deegan (2010) , CDP (2012), DEFRA (2013) 'This report applies the Global Initiative G3.1 Guidelines and Oil and Gas Sector Supplement, which are designed to help organisations measure and report on their economic, environmental and social performance over time '. (Tullow, SA 2012, P70) 28. Whether the organization discloses or plans to disclose its carbon information to CDP.
Voluntary response to CDP represents the organization's carbon emission disclosure strategy. Kolk et al. (2008) 
